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Abstract
An investigation on the ventral diverterless high offset S-shaped inlet is carried out at Mach numbers from 0.600 to 1.534, angles
of attack from –4º to 9.4º, and yaw angles from 0º to 8º. Results indicate: (1) a large region of low total pressure exists at the lower part 
of the inlet exit caused by the counter-rotating vortices in the S-shaped duct; (2) the performances of the inlet at Mach number 1.000 
reach almost the highest, so the propulsion system could work efficiently in terms of aerodynamics; (3) the total pressure recovery in-
creases slowly at first and then remains unvaried as the Mach number rises from 0.6 to 1.0, however, it does in an opposite manner in the 
conventional diverter-equipped S-shaped inlet; (4) the performances of the inlet are generally insensitive to angles of attack from –4º to 
9.4º and yaw angles from 0º to 8º at Mach number 0.850, and angles of attack from –2º to 6º and yaw angles from 0º to 5º at Mach
number 1.534.  
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1 Introduction*
Out of the multi-purpose tactical missions, 
modern fighters always have to fly at transonic 
speeds, which poses a major technical challenge to 
the inlet designers that an excellent inlet/engine 
adaptability under wide flight conditions is urgently 
required taking into consideration the low radar 
cross section (RCS). 
The diverterless supersonic inlet (DSI) of the 
Lockheed Martin joint strike fighter (JSF), which 
operates mostly at transonic speeds, has been de-
signed taking whatever is mentioned above into 
enough account. Fundamental researches on this 
inlet configuration have been continued since the 
mid-1990s. A three-dimensional surface, or a bump, 
which functions as a compression surface and cre-
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ates a pressure distribution that pushes boundary 
layer air away from the inlet, is formed on the sur-
face of the fuselage in the aperture area. The inlet 
cowl lips are so designed as to allow most of 
boundary layer flow to spill out of the aft notch. The 
DSI structure complexity has been greatly reduced 
by the removal of moving parts, a boundary layer 
diverter and a bleed or bypass system thus decreas-
ing the aircraft’s empty weight, production cost, and 
requirements of maintenance-supporting equip-
ment[1-2]. Furthermore, by eliminating the surface 
discontinuity of the diverter, the forward sweep 
cowl lips and the S-shaped duct, which houses the 
mental blades within the engine’s compressor, the 
bump can decrease the RCS efficiently. 
Recently lots of researchers have been working 
on the diverterless inlets. In Refs.[3-4], a design 
method of a top-mounted diverterless subsonic inlet 
was presented associated with a fuselage shape like 
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the Global Hawk UAV. And the design method has 
been verified by numerical simulation and wind 
tunnel tests. But the speed range of the UAV in 
Refs.[3-4] is subsonic. In Ref.[5], the mechanism of 
the DSI for diverting the boundary layer with nu-
merical simulation was analyzed. With help of dif-
ferent inlet configurations, Refs.[6-8] each devel-
oped DSI design methods, which have been vali-
dated too in experiments. In Ref.[9], experimental 
results revealed that the sub-critical margin of DSI 
is broader than that of the conventional supersonic 
inlet, and in Ref.[10], were experimentally investi-
gated the effects of the entrance parameters of the 
DSI on the RCS. 
However, so far the researches on diverterless 
inlets have only focused on the partial line-of-sight 
blockage into the engine. This means that the metal 
blades inside the engine’s compressor directly re-
flect the radar energy over some viewing angles 
thereby increasing the RCS of the aircraft. A re-
trieval of publicized literature shows that there is 
hardly found any information about the bump inlet 
design with a duct to provide 100% line-of-sight 
blockage into the engine over all viewing angles. 
Refs.[11-13] pointed out that the inlet design with a 
duct like this could achieve low RCS. Therefore, it 
is worth while making further and deeper researches 
in this field. 
This paper begins with an experimental study 
on the aerodynamic characteristics of a ventral di-
verterless high offset S-shaped inlet at transonic 
speeds, which is of 100% line-of-sight blockage 
into the engine face. From this study, the inlet per-
formances are obtained at different angles of attack, 
yaw angles, free stream Mach numbers and mass 
flow coefficients. This paper also presents static 
pressure coefficient distribution along the walls and 
total pressure recovery contours at the engine face. 
The results show that the aerodynamic characteris-
tics of the inlet are good enough to match the en-
gine.
2 Test Model and Devices 
Fig.1 gives the schematic view of the inlet 
model, which includes a forebody, an aperture, an 
S-shaped duct and a straight diffuser with the 
lengths specified in the figure. The offset of the S- 
shaped duct is 0.82D, where D is the diameter of the 
inlet’s exit. This inlet design provides 100% line-of- 
sight blockage into the engine face. The sweep- 
forward angles of the lower lip and side lip are 30º 
and 47º respectively. The area ratio between the 
inlet exit and the throat (A2/Ath) is 1.3. 
Fig.1  Schematic view of the inlet model. 
In order to obtain the inlet pressure recovery, 
distortion parameters and mass flow, at the aerody-
namic interface plane (AIP) are located a 40- probe 
total pressure rake with 8 arms (located 45° apart) 
and 5 instrumentation rings (5 probes with equal 
areas on each arm) and 8 static pressure orifices. For 
the purpose of analyzing the flow characteristics of 
the inlet, the model is provided with 42 static pres-
sure orifices along the top wall (R1-R23) and the 
bottom wall (C1-C19) at symmetric section. The 
orifices R6 and C3 are located at the throat section. 
The mass flow plug, placed at the model exit and 
driven by an electric motor, provides flow control in 
measurements at different mass flow rates. 
The tests were carried out in the NH-1 high 
speed wind tunnel at Nanjing University of Aero-
nautics and Astronautics. The test section is of a 
square 600 mm × 600 mm. The unit Reynolds num-
ber of the wind tunnel ranges from 1.20 × 107 to 
1.77 × 107. During the tests, the free stream Mach 
number varies from 0.600 to 1.534, angles of attack 
from –4° to 9.4° and yaw angles from 0° to 8°. The 
blockage ratio of the inlet model to the wind tunnel 
is about 4.6%. Fig.2 shows the inlet model in wind 
tunnel.
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Fig.2  Inlet model in wind tunnel. 
3 Experimental Results and Discussions 
The paper evaluates the performances of the 
inlet in terms of the total pressure recovery V, the 
mass-flow coefficient I and the circumferential 
total pressure distortion DC60 (which is compared 
with the absolute value) tested over a wide range of 
test conditions. The effects of mass flow ratioˈfree
stream Mach number Ma0, angle of attack D and 
yaw angle E on the performance of the inlet are ob-
tained. It should be noted that the inlet’s exit Mach 
number (Ma2) of the design point is 0.45. 
3.1 Static pressure coefficient distribution along
the walls 
Fig.3 exhibits the static pressure coefficient 
distribution along the walls at different free stream 
Mach numbers with angle of attack and yaw angle 
equal to zero. At the high subsonic speed Ma0 =
0.850, the static pressure on the top surface in front 
of the aperture (R1-R3) rises because the mass flow 
coefficient is less than 1.00. From R4 to R7, the 
static pressure decreases due to the flow accelera-
tion over the bump surface. On the bottom surface 
from C1 to C4, owing to the local diffusing stream 
tube caused by the concave surface, the static pres-
sure increases. When the flow enters the S-shaped 
tube, the static pressure along the top and bottom 
walls distributes in a typical X-form manner. At the 
entrance of the S-shaped duct, the static pressure on 
the bottom surface is 0.45 higher than that on the 
top surface, which causes the boundary layer to 
move to the top surface. To the contrary, the static 
pressure on the top surface is about 0.36 higher than 
that on the bottom surface near the exit of the 
Fig.3  Static pressure coefficient distribution along the 
walls.
S-shaped duct, which causes the boundary layer to 
accumulate on the top surface. When the flow enters 
the straight diffuser, the static pressure difference 
between the top and the bottom surfaces declines to 
zero gradually, and, at the same time, the static 
pressure along walls increases slowly. At Mach 
number 1.000, the static pressure along the walls 
changes in the way similar to that at the high sub-
sonic speeds. But the drops of the static pressure 
from R4 to R7 are smaller and its surges from C1 to 
C2 sharper than those at the high subsonic speeds. 
This can be attributed to the fact that because the 
mass flow coefficients of the inlet at Mach number 
1.000 are lower than those at high subsonic speeds, 
the equivalent cone angle of the pre-entry stream 
tube at Mach number 1.000 is larger, which allevi-
ates the flow expansion over the bump surface and 
strengthens its compression on the bottom concave 
surface. However, the fact that none of sudden static 
pressure rises take place within the flow path indi-
cates the absence of strong compression such as 
shock waves. Different from the case of Mach 
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number 1.000, at the low supersonic speed Ma0 =
1.534, the rise of the static pressure from R1 to R5 
is much sharper, which is caused by the shock 
waves on the bump surface. 
3.2 Total pressure recovery contours on the  
engine face 
Fig.4 shows the total pressure distribution on 
the engine face while Ma0 = 0.850, 1.000 and 1.534 
whenD = 0º and E = 0º. From the figure, significant 
pressure deficits could be observed at the bottom of 
the section of engine face at transonic speeds. Be-
cause of the thick boundary layer on the top surface 
in front of the entrance of the S-shaped duct and the 
long straight diffuser, the secondary flows on the 
engine face are expected to be dominated by the 
counter-rotating vortices formed at the second turn 
of the S-shaped duct[14-15], which pushes the bound-
ary layer towards the bottom surface leading to ap-
pearance of the “pool” of lower total pressure on the 
engine face. Fig.4 also shows that the total pressure 
contours at Mach number 1.000 are very similar to 
those at high subsonic speeds except that the region 
of low total pressure at the bottom of the engine 
face is smaller. Besides, the total pressure con- 
Fig.4  Total pressure recovery contours on the engine face. 
tour at the low supersonic speed is lower than those 
at subsonic speed and Mach number 1.000, and the 
proportion of the high total pressure region looks 
obviously smaller. 
3.3 Effects of mass flow coefficient 
Fig.5 shows the effects of mass flow coeffi-
cient on the total pressure recovery, when Ma0 =
0.850, 1.000 and 1.534 when D = 0º and E = 0º. The 
total pressure recovery decreases as the mass flow 
coefficient increases. With the designed mass flow 
coefficient, the total pressure recovery is 0.965 at
Ma0 = 0.850 and Ma0 = 1.000, and 0.932 at Ma0 =
1.534. The variation of the pressure recovery with 
the mass flow coefficient could be explained as fol-
lows: ķ consequent on the removal of a diverter 
and the presence of a forward sweep lip, when the 
mass flow coefficient increases, the cross pressure 
gradient on the bump surface decreases, which in-
creases the amount of boundary layer ingested into 
the inlet duct; ĸ the Mach number of the inlet duct 
increases as the mass flow coefficient rises thereby 
increasing the friction loss; Ĺ an additional pres-
sure recovery penalty is generated by the critical 
shock waves happening somewhere in the duct, 
when the mass flow coefficient exceeds a certain 
value at Ma0 = 1.000 and Ma0 = 1.534 in particular. 
Fig.5  Total pressure recovery with mass-flow coefficient. 
Fig.6 shows the effects of the mass flow coef-
ficient on the distortion index DC60. It could be seen 
that at Ma0 = 0.850, the distortion index DC60 in-
creases in absolute values with the mass flow coef-
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ficient increasing, and the value amounts to –0.354 
with the designed mass flow coefficient. Generally, 
this results from the increases of the amount of the 
boundary layer ingested into the duct with the in-
creased mass flow coefficient and the dilation of the 
region of low total pressure at the bottom of the en-
gine face. At Ma0 = 1.000 and 1.534, the distortion 
index DC60 fluctuates as the mass flow coefficient 
varies, and the value is –0.329 and –0.431 respec-
tively with the designed mass flow coefficient. This 
is probably attributable to the change of the moving 
path of the boundary layer caused by the critical 
shock waves happening somewhere in the inlet duct, 
when the mass flow coefficient exceeds a certain 
value.
Fig.6  Distortion index DC60 with mass flow coefficient. 
3.4 Effects of free stream Mach number 
Fig.7 illustrates the effects of the free stream 
Mach number on the mass flow coefficient and total 
pressure recovery when D = 0º and E = 0º. As the 
free stream Mach number increases, the mass flow 
coefficient decreases, and, after reaching the mini-
mum at Mach number 1.000, it increases. Fig.7 also 
shows that the total pressure rises and remains con-
stant when the free stream Mach number is up from 
0.600 to 1.000, and, afterwards, drops sharply while 
the free stream Mach number approaches the su-
personic. In the conventional diverter-equipped 
S-shaped inlet, the total pressure recovery decreases 
slightly as the free stream Mach number increases 
within the range of subsonic speeds. In a diverter-
less inlet under discussion, however, the total pres-
sure recovery appears disparate: the amount of the 
boundary layer ingested into the inlet duct is differ-
ent with different mass flow coefficients caused by 
different free stream Mach numbers, and the friction 
loss of the flow path increases with the increased 
free steam Mach number. In addition, as the free 
stream Mach number exceeds 1.000, the total pres-
sure loss will further increase owing to the disap-
pearence of the shock wave and the shock-boundary 
layer interaction. 
Fig.7  Mass flow coefficient and total pressure recovery vs 
free steam Mach number. 
Fig.8 shows the effects of the free stream Mach 
number on the distortion index DC60 when D = 0º 
and E = 0º. As the free stream Mach number in-
creases, the distortion index DC60 decreases, and, 
after reaching the minimum at Mach number 1.000, 
it increases. From Fig.8, it is seen that all the abso-
lute values are below 0.5 during tests.  
Fig.8  Distortion index DC60 vs free steam Mach number. 
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3.5 Effects of angle of attack 
Fig.9 shows the effects of the angle of attack 
on the mass flow coefficient and the total pressure 
recovery with 0º yaw angle. It indicates very little 
effects that the angle of attack could produce on the 
mass flow coefficient and the total pressure recovery. 
The mass flow coefficient fluctuates 1.3% with the 
angle of attack from –4º to 9.4º at Ma0 = 0.850, and 
0.4% with the angle of attack from –2º to 6º at Ma0=
1.534. The total pressure recovery fluctuates 0.6% 
with the angle of attack from –4º to 9.4º at Ma0 =
0.850, and 0.1% with the angle of attack from –2º to 
6º at Ma0 = 1.534. 
Fig.9  Effects of angle of attack on mass flow coefficient 
and total pressure recovery. 
Fig.10 shows the variation of the distortion in-
dex DC60 against the angle of attack with 0º yaw 
angle at Ma0 = 0.850 and 1.534. It can be observed 
that as the angle of attack increases from 0º, the 
distortion index decreases at both Ma0. Nevertheless, 
when the angle of attack ranges between 4º and 6º at 
Ma0 = 1.534, some drops could be found in the dis-
tortion index, but distortion at the angle of attack 6º 
is still lower than that at 0º incidence. 
The performances of the inlet are generally in-
sensitive to the angle of attack, and a little ameliora-
tion of flow distortion would result with the angle of 
attack deviating from 0º. This is mainly credited to 
the beneficial ventral configuration. Because of the 
shield of the forebody, the local angle of attack at 
the inlet entrance is smaller than that of free stream, 
and the flow separation on inner surface of the lip 
may not occur during the tests. 
Fig.10  Effects of angle of attack on distortion index.G
3.6 Effects of yaw angle 
Fig.11 shows the effects of the yaw angle on 
the mass flow coefficient and the total pressure re-
covery at zero incidence. As the yaw angle increases, 
the mass flow coefficient changes very little within 
the range of 0.9% at Ma0 = 0.850 and 0.3% at Ma0 =
1.534, and the total pressure recovery decreases 
slightly by 0.5% as the yaw angle varies from 0º to 
8º at Ma0 = 0.850 and 0.4% from 0º to 5º at Ma0 =
1.534.
Fig.11  Mass flow coefficient and total pressure recovery vs 
yaw angle. 
Fig.12 shows the variation of the distortion in-
dex as a function of the yaw angle. It shows that 
when Ma0 = 0.850, as the yaw angle increases, the 
distortion index increases and then decreases; when 
Xie Wenzhong et al. / Chinese Journal of Aeronautics 21(2008) 207-214 · 213 · 
Ma0 = 1.534, the distortion index decreases with the 
yaw angle increasing from 0º to 5º. It can be seen 
that the maximum absolute value of the distortion 
index DC60 is always lower than 0.5.  
Fig.12  Distortion index DC60 vs yaw angle.G
4 Conclusions 
A wind-tunnel test of a ventral diverterless 
high offset S-shaped inlet has been carried out to 
investigate the aerodynamic characteristics at tran-
sonic speeds. Some conclusions can be drawn as 
follows:
(1) There is a large region of low total pressure 
at the lower part of the inlet exit caused by the 
counter-rotating vortices formed at the second turn 
of the S-shaped duct.  
(2) The performances of the inlet reach almost 
the highest at Mach number 1.000. This renders the 
propulsion system able to work with high efficiency 
in terms of aerodynamics. 
(3) As the mass flow coefficient increases, the 
total pressure recovery decreases; the distortion in-
creases at Ma0 = 0.850, but fluctuates at Ma0 = 1.000 
and 1.534. 
(4) The total pressure recovery increases 
slowly first, and then remains unchanged as the 
Mach number rises from 0.600 to 1.000. 
(5) The performances of the inlet are generally 
insensitive to angles of attack from –4º to 9.4º and 
yaw angles from 0º to 8º at Mach number 0.850, and 
angles of attack from –2º to 6º and yaw angles from 
0º to 5º at Mach number 1.534. 
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